Abstract. The integration of heterogeneous technologies promotes ubiquity and mobility. Optical code division multiple access (OCDMA) may be deployed in conjunction to SCM to improve the spectral efficiency and enhance the data rate of subscribers in a Local Area Network (LAN). This paper compares the performance of multimode fiber to single mode fiber in the deployment of a SCM-OCDMA system with multi-diagonal (MD) codes in a LAN.
Introduction
Next-generation networks are evolving towards ubiquitous computing and the integration of heterogeneous technologies to allow subscribers to seamlessly move between different wired and wireless access technologies [1] [2] . A LAN connects multiple devices in a small geographical area such as in university campuses, laboratories and small enterprises. The distance in wireless LAN is limited to a few hundred meters but may be extended using optical fiber to over a kilometer [1] . A wireless LAN complements 3G integrated data and voice services offered by cellular network operators [2] [3] [4] . The last decade has witnessed several advances in transceivers and components used in LANs, with the goal of increasing the rate of bits accurately received accurately whilst maximizing the link length. For short-reach systems less than a kilometer, multimode fiber is more prevalent compared to single mode fiber due to its alignment tolerance and low cost of transceivers and cabling [5] [6] .
Optical code division multiple access (OCDMA) has garnered significant attention owing to its high security, high flexibility and low interference [7] [8] . OCDMA systems can easily be deployed in LANs to allow multiple users to access the network simultaneously. In SAC-OCDMA systems, each user is assigned a sequence code that serves as its address [9] . For better spectral efficiency, a hybrid SCM-OCDMA system leverages the advantages of both SCM and OCDMA systems, offering resilience to multiple-access interference and enhancing the channel data rate [10] [11] Radio over fiber (RoF) is recognized as the solution for radio cellular coverage in a multi-operator and multi-band network [2] . In a ROF network, a central station (CS) is connected to several simple base stations (BSs) by fiber optic. A RoF BS has an electrical-to-optical (E/O) convertor, an optical-to-electrical (O/E) convertor, and an amplifier [2, 12] . In RoF, high frequency signals can be transferred over kilometers with high security and minimal noise and loss. RoF links offer good flexibility and security, cost effectiveness and reliability [2, 12] . In SCM-OCDMA, the last-mile connection between the end user and the BS may be achieved using radio connectivity [12] .
Light emitting diodes (LEDs) are typically used in OCDMA systems due to the broadband emission and low cost. The speed of the LED is however limited by the shadowing effect and heat sensitivity [13] . Vertical cavity surface emitting lasers (VCSELS) are better candidates as optical sources given their high modulation speed, ability to modulate independent signals at different wavelengths and modes as well as their low manufacturing cost [14] .
Multimode fiber (MMF) is typically deployed in LAN backbones in campuses and corporate networks. Single mode fiber (SMF) has higher bandwidth than MMF and is typically used for longhaul communications. For short distance communication in LANs, MMF is an ideal candidate as the bandwidth is not limited severely by modal dispersion [15] . Furthermore, MMF cable and components are less expensive and easier to work with than SMF components. More recently, MMF solutions such as OM3 and OM4 offer high speed data transfers for short distances less than 1 km [16] .
In this paper, the performance of MMF and SMF for short-reach SCM-OCDMA in a LAN is compared. The remainder of the paper proceeds as follows. Section II describes the simulations conducted using Optisystem. Section III discusses the results and analysis of the simulations. The paper is concluded in Section IV.
Simulations
The SCM-OCDMA system for a LAN is shown in Fig. 1 using a SMF and in Fig. 2 using a MMF. Both systems are the same except for the type of optical fiber used. Both systems are simulated using Optisystem from Optiwave [17] . Two link lengths were studied -1km and 500m for each the SMF and MMF. At the transmitter, individual data signals are modulated using the MD code and combined before being modulated by a radio sine wave. At the receiver, the signal is demodulated from the sine wave and separated using filters based on the codeword. 
1038
Advanced Materials Engineering and Technology II Results and Analysis Fig. 3 and Fig. 4 show the eye diagrams and bit-error-rates (BERs) after the signal propagates through 1km of SMF and MMF respectively. Fig 5 and Fig. 6 shows the eye diagrams and BERs after the signal propagates through 500m of SMF and MMF respectively.
For both distances, the eye opening is wider for the MMF than for the SMF. The BER is also lower for the MMF compared to SMF for both distances. This indicates that MMF outperforms SMF for both 500m and 1km for a SCM-OCDMA system in LAN. Each user excites modes close in propagation delays in a MMF. The SMF frequency response is limited thus the intensity of modes excited may be subdued. On the other hand, excitation of modes in a MMF based on the designated codeword is more flexible due to the availability of higher-order passbands in the MMF frequency response.
Conclusion
To extend the frequency response of a SCM-OCDMA system, a MMF is used in conjunction with a VCSEL. The extended spectrum of a MMF provides enhanced frequency matching to the designated OCDMA codeword. Future work to optimize the extended MMF spectrum by varying the OCDMA codeword is underway. 
